A B S T R A C T Antisera have been raised to human leukemic blast cells from individual patients in mice rendered tolerant with cyclophosphamide to remission leukocytes from the same individual. 10 antisera were raised against acute myelogenous leukemia (AML) cells and 5 antisera were raised against acute lymphoblastic leukemia (ALL) cells. Antisera to AML cells were absorbed with ALL cells, and antisera to ALL cells were absorbed with AML cells. Unabsorbed and absorbed antisera as well as antisera raised in nontolerant mice were tested for cytotoxicity against various cells of a panel containing myeloblasts from 35 patients with AML, lymphoblasts from 7 patients with ALL, myeloblasts from 7 patients with chronic myelogenous leukemia (CML) in blast crisis, peripheral blood leukocytes from 12 patients with acute leukemia in remission and 30 nonleukemic patients, and nucleated bone marrow cells from 10 nonleukemic patients. Unabsorbed antisera to AML or ALL cells raised in tolerant mice were highly cytotoxic to leukemic blasts cells but significantly less cytotoxic to remission and control cells.
Antisera to AML cells absorbed with ALL cells retained measurable cytotoxicity against AML cells but were not cytotoxic to ALL cells or control cells. Similarly, antisera to ALL cells absorbed with AML cells retained significant cytotoxicity only to ALL cells. Control antisera raised in nontolerant mice were cytotoxic to all cells tested. Although species specific, histocompatibility, differentiation, maturation, and cell cycle-associated antigens may be responsible in part for the cytotoxic activity of the unabsorbed antisera, the absorbed antisera are probably detecting antigens specific for their leukemic cell type.
INTRODUCTION
The serologic detection and characterization of antigens associated with experimental animal tumors has been central to our understanding of how tumors develop and how they might be treated by immunological means (14) . Analogous studies in man have progressed more slowly because of the ethical and logistic difficulties of human tumor allografting, and the lack of syngeneic subjects (5-13). If a species other than man is used for raising antisera against human tumor tissue, the immune reaction is ordinarily directed against numerous xenospecific determinants, most of which are also constituents of normal tissues (4, 8, 14) . Attempts to circumvent these difficulties have included induction of neonatal tolerance to human nonleukemic tissue (5, 7) or appropriate absorptions of antisera with nonleukemic tissue (8, 10, 13) . Although some heteroantisera have detected antigenic differences between leukemic and nonleukemic cells, antigenic differences between leukemic cells of different morphology have been less frequently reported, and the results have been variable (4, 9, 11, 14, 15) .
Previously, we reported a method for raising antisera to leukemia cells of an individual patient in mice rendered tolerant with cyclophosphamide to remission leukocytes of the same individual (16) . The use of cells from a single patient avoids many of the problems of using pooled or third party cells, such as alloantigenic differences or antigens acquired in tissue culture (17) (18) (19) ).
In the current study, we have further defined the nature of human leukemia-associated antigens using a panel of heteroantisera raised in this fashion. Each antiserum was then tested against a panel of human leukemia cells to determine whether the leukemia-associated antigens identified by this technique were individual or group specific.
The Journal of Clinical Investigation Volume 54 December 1974 -1273-1278METHODS Leukocytes were separated from whole blood by sedimentation and frozen to -790 or -1960C at a controlled rate in 10% dimethyl sulfoxide. When required, cells were thawed rapidly in a 37'C water bath. Leukemic blast cells were obtained from the peripheral blood of patients with acute leukemia having a differential white count of greater than 90% blast cells. Remission leukocytes were collected from the peripheral blood of patients with no circulating blast cells and less than 5% blast cells in the bone marrow. The diagnosis of acute leukemia and the definition of the cell type were made by the standard hematological criteria (20) .
3-mo-old male mice of the CBA/J strain (Jackson Laboratories, Bar Harbor, Me.) were injected intraperitoneally with cyclophosphamide 200 mg/kg and 4 h later with 108 frozen stored remission leukocytes intravenously. 7, 14, and 21 days later, the mice were injected subcutaneously and intraperitoneally with 108 frozen stored leukemic blast cells from the same patient in relapse. Cells for injection on days 14 and 21 were suspended at a concentration of 10' cells in 0.2 ml of Eagle's minimal essential medium (MEM, [Grand Island Biological Co., Grand Island, N. Y.]) 1 and mixed with 0.2 ml of complete Freund's adjuvant. The resulting emulsion was divided and equal parts injected subcutaneously and intraperitoneally.
Mice were bled for antisera on the 28th and 35th days. Control antisera were produced in mice injected at first with cyclophosphamide alone and then blast cells on days 7, 14, and 21. A second control group received three immunizing doses of blast cells but no cyclophosphamide or remission cells. To test whether blast cells were intrinsically more susceptible to in vitro injury, horse antihuman thymocyte serum (ATS) (Upjohn Co., Kalamazoo, Mich) was used as an additional control.
Antiserum was titered in MEM in microtiter plates and tested for cytotoxicity against remission leukocytes and leukemic cells using a modification of Amos' two-stage method (21) . Fluorescein diacetate was used as an indicator of cell viability (22) , and simultaneously, ethidium bromide 0.01%o was used to indicate cell death (23) . Rabbit serum diluted 1: 10 was the source of complement Results were expressed as that titer which killed 50%o of cells viable in the presence of normal mouse serum.
Antisera raised against myeloblasts were absorbed with lymphoblasts and lymphoblast antisera were absorbed with myeloblasts. Two antisera raised against acute lymphoblastic leukemia (ALL) cells were absorbed with the patients' autologous remission bone marrow. Cells used for absorption were stored at -790C or in liquid nitrogen and thawed as above. 5 X 107 cells were suspended in MEM in a 0.4 ml Beckman microcentrifuge tube (Beckman Instruments, Inc., Fullerton, Calif.) and centrifuged at 1,000 g for 10 min at 4VC. The supernate was discarded, 10 remaining supernate was transferred to a second microcentrifuge tube containing 5 X 107 cells for absorption. The absorption process was repeated until three absorptions were completed, with antisera set aside for testing after each absorption. If the absorption curves did not show relative flattening after the third absorption, the cell number was increased to as high as 5 X 108 per absorption step.
Antisera obtained before and after each absorption were tested in triplicate for residual activity against myeloblasts, lymphoblasts, remission leukocytes, normal allogeneic leukocytes, and normal allogeneic bone marrow cells. RESULTS 10 unabsorbed antisera raised against acute myelogenous leukemia (AML) cells and 5 unabsorbed antisera to ALL cells were tested against myeloblasts from 35 patients with AML, lymphoblasts from 7 patients with ALL, myeloblasts from 7 patients with chronic myelogenous leukemia (CML) in blast crisis, and peripheral blood leukocytes from 12 acute leukemia patients in remission (Table I) . Control antisera raised in nontolerant mice, normal mouse serum, and ATS were similarly tested. Both the mean and the range of cytotoxic titers were calculated. Antisera made against AML cells (unabsorbed) yielded a high cytotoxic titer against myeloblasts, lymphoblasts, and CML blasts, whereas almost no cytotoxicity was seen against remission cells. Antisera raised against ALL blasts gave high titers against myeloblasts and lymphoblasts and somewhat lower titers against CML blasts. Very low titers occurred with remission cells. Antisera against AML or ALL blasts raised in nontolerant mice gave uniformly high titers against myeloblasts, lymphoblasts, CML blasts, remission cells, and other control cells. Normal mouse sera or rabbit complement alone were not significantly cytotoxic and blasts cells and remission leukocytes were equally vulnerable to ATS.
Four antisera to myeloblasts absorbed with lymphoblasts (Table II) (4) (5) (6) (7) (8) (9) (10) , but the significance and specificity of the antigens detected have remained in doubt (14) . In the present study, the unabsorbed antisera from tolerant mice were selectively cytotoxic to leukemic blast cells as compared to control cells. Since antisera from nontolerant mice were equally cytotoxic to both blast cells and remission cells, the differential cytotoxicity of the antisera from tolerant mice was likely due to recognition of antigenic differences in the target cells. These differences might be related to species or histocompatibility antigens, differentiation or maturation antigens, cell cycle-specific antigens, or antigens associated specificially with acute leukemia.
Antisera raised against myeloblasts and absorbed with lymphoblasts retained a measurable level of cytotoxicity against myeloblasts while losing all cytotoxicity to lymphoblasts. Absorptions done in the reverse direction gave the corresponding results, indicating that myeloblasts have associated antigens not found on lymphoblasts and vice versa. Differentiation of myeloblasts and lymphoblasts by means of serological determinations have also been reported elsewhere (10, 11, 15, 24 (25) and other groups (26) have postulated that human leukocyte antigens (HL-A) HL-A2 and -A12 are seen in higher than expected frequency in children with ALL. Pegrum, Balfour, Evans, and Middleton (27) have examined a more heterogeneous group including patients with AML and found an increase in HL-A1 and -A3. Several authors have found no increase in expected frequencies of HLA types in the Antigens characteristic of specific differentiated tissues have been well documented in the mouse (33) and may occur in the human white cell series (34) . It is possible that myeloblasts and lymphoblasts carry such differentiation antigens. Antigens related to cell maturation have also been documented in both animals (35) (36) (37) and man (4, 38, 39) , but only the red cell series has been studied. It is possible however that leukemic blast cells carry antigens not expressed on remission or normal leukocytes by virtue of blast cell immaturity. The reappearance of antigens characteristic of the fetus is known to occur in some human malignancies, and there is evidence that this may occur in leukemia (40) . Cell membrane characteristics reflecting the metabolic changes of the phases of the replicative cell cycle may include changes in cell-surface antigenicity (18, 19, 4143) . Leukemic blast cells by virtue of dominance of certain cell-cycle phases may then manifest antigens not seen on remission and normal leukocytes. Species-specific antigens would be represented on both blast and remission leukocytes but might influence the activity of the unabsorbed antisera since the distribution of these antigens amongst blast cells and remission cells is unknown. In the present study, neoantigens appearing by virtue of cell culture techniques (17) (18) (19) are not a factor as they may be in other heteroantisera studies (9) .
Although species specific, histocompatibility, differentiation, maturation, and cell cycle-associated antigens may be responsible in part for the cytotoxic activity of the unabsorbed antisera, it is unlikely that any of these antigens would be represented on one blast cell type to the exclusion of the other. Since the absorbed antisera retained activity against the parent cell type and had no residual activity against other blast cells, remission cells, or normal cells, these antisera are therefore probably detecting antigens specific for their leukemic cell type.
The antisera raised in this study are detecting one or several antigens associated with lymphoblasts and myeloblasts that are specific for each cell type and that may comprise true leukemia-associated antigens. This observation may be of both diagnostic and therapeutic significance. Diagnostically, the absorbed heteroantisera might be useful in distinguishing AML from ALL in patients where morphological criteria are inconclusive. Furthermore, an antiserum capable of detecting leukemic blasts cells could be used to screen the bone marrow of patients with preleukemic states or patients with acute leukemia in remission, for early appearance of blast cells. Therapeutically, absorbed heteroantisera with defined specificity might be used for passive immunotherapy of human leukemia with more success than past trials of less specific antisera. Studies pursuing these goals are currently in progress.
